Introduction
carbohydrates by the mannose receptor allows the The mannose receptor of macrophages and hepatic discrimination of self from non-self, since terminal endothelial cells mediates binding and internalizamannose and N-acetylglycosamine residues are tion of glycoconjugates terminating in mannose, found rarely in mammalian cell-surface or serum fucose or N-acetylglucosamine [ 11. Recognition of glycoproteins, but are a common component of the cell surface of bacteria, fungi and parasites. Thus Abbreviations used: BSA, bovine serum albumin; CRD, the mannose receptor can play a role in the innate carbohydrate-recognition domain.
immune response against pathogenic micro-organ-isms by mediating opsonin-independent phagocytosis [2-41. Some endogenous glycoproteins bearing high-mannose oligosaccharides, including lysosomal enzymes [ 51 and tissue plasminogen activator [6] , are also cleared by the mannose receptor.
These potentially harmful proteins are often released from cells in response to pathological events. 
Structure of the mannose receptor

Structure-function analysis of the mannose receptor
Since the mannose receptor is known to bind carbohydrates in a Caz+-dependent manner it is reasonable to assume that the carbohydrate-binding activity of the receptor resides within the CRD-like segments. Each of the mannose receptor CRDs contains most of the conserved residues necessary for maintaining the CRD fold seen in the crystal structure of the CRD of rat serum mannose-binding protein [14] . However 
Saccharide-binding activity of CRD 4
Since CRD 4 was the only domain found to show carbohydrate-binding activity in the absence of other CRDs, this domain was produced in a bacterial expression system so that its binding properties could be characterized further [ 161. Correctly folded CRI) 4 was purified from the bacteria by affinity chromatography on mannose-Sepharose. 
Binding to multivalent ligands
Hydrodynamic studies of the receptor show that it is a monomer in solution and crosslinking studies indicate that it is a monomer in the membrane [20] . Thus multiple carbohydrates in a single receptor polypeptide must co-operate to achieve high-affinity binding of complex ligands. In order to determine . how the CRDs cluster to achieve this high-affinity binding, internal fragments of the receptor were produced using the baculovirus expression system [ZO] . Fragments of the receptor consisting of CRDs 4-5,4-6 and 4-7 were purified from the medium of insect cells by affinity chromatography on mannose-Sepharose and were used in proteolysis studies and in assays to determine the affinities for various ligands [ 201.
The solid-phase-binding assay described for CRD 4 was used to determine the affinities of the larger fragments of the receptor for Man,,-BSA and for two natural glycoproteins, invertase and mannan, which bear high-mannose oligosacchar- Proteolysis experiments support the idea that CRDs 4 and 5 form a ligand-binding core, since these two CRDs cannot be separated by treatment with subtilisin [20] . Resistance to proteolysis in the presence of Ca2+ is a common feature of C-type CRDs [Zl] . However, the fact that proteolysis of a fragment consisting of CRDs 4-5 does not result in the release of individual CRDs suggests that these two domains form extensive contacts and are not simply linked by a flexible tether. Such an arrangement may fix the orientation of the binding sites within these two CRDs. [23]. In the rat asialoglycoprotein receptor, two different polypeptides each with a single CRD form hetero-oligomers in the membrane "241. Different subunits of the asialoglycoprotein receptor bind to different terminal galactose residues on a glycopeptide, indicating that clustering of CRDs may determine specificity as well as affinity [25] . Analysis of the crystal structure of the mannose-binding protein CRD bound to an oligosaccharide has revealed why clustering of CRDs is necessary to achieve high-affinity binding [ 181. 
Conclusions
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Mannose-binding protein
Human serum contains mannose-binding protein (MBP), a calcium-dependent C-type lectin, secreted by hepatocytes, which binds glycoproteins terminating in mannose or N-acetylglucosamine. MRP occurs in serum as a mixture of oligomers of 9-18 identical polypeptide chains of 32 kDa [I-51. On binding to a mannose-rich surface, MRP activates complement through the classical pathway [6] . MRP binds C l r and Cls to form C1 esterase, which cleaves C2 and C4, which in turn form a complex on the mannose-rich surface to form C 3 convertase. C3 convertase cleaves C 3 to form C3b which then binds to the surface and opsonizes the ligand. Recently MBP has been shown to be identical with Ra-reactive factor [7] . Ra-reactive factor is a complement-activating bactericidal protein which binds to Ra-chemotype strains of bacteria and yeasts. MRP is encoded by four exons each of which code for different functional domains of the molecule [8, 9] . Exon 1 encodes the signal sequence of a secreted protein, a cysteine-rich domain and seven copies of the motif Gly-Xaa-Yaa, which is typical of a collagen domain. The junction between exon 1 and exon 2 encodes the sequence Gly-Gln-Gly. The sites of infection are varied; otitis media, chronic diarrhoea and meningitis are the most
